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Design and Initial Analysis of Largish Omics Studies

Prof. Terry Speed, Bioinformatics division at WEHI, Melbourne, Australia

Many groups are carrying out large-scale genomic, transcriptomic, proteomic or related studies. An
example is NIH’s LINCS program. With such studies, there is an inevitable need for some kind of
normalization. Biologists have long made use of controls of different kinds to monitor unwanted variation,
such as negative control probes, spike-ins and replicate reference samples. However, we can also use these
controls to normalize. |1 shall explain how, illustrating with gene expression data on microarrays, RNA-seq
and Nanostring. As soon as we have effective tools for the analysis of data, including controls, from a given
kind of study, we should turn our attention to the design of these studies. | shall say a little about that too.

This talk is based on joint work with Johann Gagnon---Bartsch of the University of Michigan, and Laurent
Jacob of the CNRS, Lyon.
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What can be observed in real time PCR and when does it show?

Pavel Chigansky, Department of Statistics, The Hebrew University

Real time, or quantitative, PCR typically starts from a very low concentration of initial DNA strands. During
iterations the numbers increase, first essentially by doubling, later predominantly in a linear
way. Observation of the number of DNA molecules in the experiment becomes possible only when it
is substantially larger than initial numbers, and then possibly affected by the randomness in
individual replication. Can the initial copy number still be determined? We will approach this question using
some new result from approximation of the density dependent branching processes.

Joint work with P. Jagers and F. Klebaner

A two-stage approach for estimating the parameters of an age-group
epidemic model from incidence data

Rami Yaari, Department of Statistics, University of Haifa and Bio-statistical Unit, The Gertner
Institute for Epidemiology and Health Policy Research

Age-dependent dynamics is an important characteristic of many infectious diseases. Age-group epidemic
models describe the infection dynamics in different age-groups by allowing to set distinct parameter values
for each. However, such models are highly nonlinear and may have a large number of unknown
parameters. Thus, parameter estimation of age-group models, while becoming a fundamental issue for
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both the scientific study and policy making in infectious diseases, is not a trivial task in practice. In this talk,
we examine the estimation of the so called next-generation matrix using incidence data of a single entire
outbreak, and extend the approach to deal with recurring outbreaks. Unlike previous studies, we do not
assume any constraints regarding the structure of the matrix. A novel two-stage approach is developed,
which allows for efficient parameter estimation from both statistical and computational perspectives.
Simulation studies corroborate the ability to estimate accurately the parameters of the model for several
realistic scenarios. The model and estimation method are applied to real data of influenza-like-illness in
Israel. The parameter estimates of the key relevant epidemiological parameters and the recovered
structure of the estimated next-generation matrix are in line with results obtained in previous studies.

Feature Selection for Accurate Time Prediction in Congested Healthcare
Systems

Arik Senderovich, Faculty of Industrial Engineering and Management, Technion

Time prediction in healthcare systems such as outpatient clinics, hospital wards, and emergency
departments is essential for decision making. Predictions are used for effective and efficient resource
allocation, optimized ambulance routing, and accurate delay announcements. In this talk, we focus on time
prediction in congested healthcare systems, where patients share scarce resources such as nurses,
physicians, and MRI machines. To predict times, we employ the framework of supervised machine learning,
using event logs, which are data recordings readily available in today's healthcare information systems.

The accuracy of supervised learning methods depends on the predictive power of the selected features. In
congested systems, patient’s length-of-stay not only depends on clinical information (e.g., patient’s age,
gender, and medical history), but also on cross-patient information (e.g., the number of patients in the
hospital, and the length-of-stay of recently discharged patients). To properly select features that capture
these cross-patient dependencies, we propose the model of congestion graphs, which are grounded in
gueueing theory and are mined from event logs. We show an evaluation of the approach based on two
real-world healthcare systems, namely an Israeli emergency department and an outpatient cancer hospital
in the United States.

Respondent Driven Sampling as a Counting Process

Yakir Berchenko, Department of Industrial Engineering and Management, Ben-Gurion University

Respondent driven sampling (RDS) is an approach to sample human populations that utilizes their social
networks. Although RDS has become a widespread method for recruiting individuals within hidden
populations, estimation using RDS is problematic due to biased sampling (e.g., over-sampling participants
with many acquaintances). Most RDS studies attempt to adjust for this bias using inverse-degree weighting,
assuming that the probability an individual is sampled is proportional to the number of their acquaintances
(degree). However, this seemingly necessary assumption is unlikely to hold in practice. We propose a novel
approach that relaxes this assumption, by using a source of information that is usually ignored, the precise
timing of recruitment. Our new approach, adapting methods developed for inference in epidemic
processes, allows us also to test the assumption of recruitment proportional to degree, as well as to
generate estimates of the total population size.

We analyse these estimators and find them asymptotically consistent and normally distributed; applying
them to empirical RDS data-sets studied, we show that the probability an individual was sampled was not
proportional to their degree, and in two datasets where the size and degree distribution can be
characterised, we show that our new maximum likelihood estimator outperforms the standard inverse-
degree weighting estimator.
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Immunogenicity of Biologic Drugs - With New Opportunities Come New
Challenges

Oren Bar-llan, Non-Clinical Statistics, Global Specialty Development, Teva Pharmaceuticals Ltd,.
Netanya, Israel.

Biologic drugs are defined as ones that are manufactured in living systems such as microorganisms, cells or
tissues. These systems have been engineered to produce a specific molecule. Typically, biologic drugs are
proteins that come to replace endogenous ones missing in treated patients or such that are targeted at
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specific biological reactions to either inhibit or induce those reactions. Unlike chemical substances proteins
are susceptible to create an immunological response by the immune system of patients. Such response may
create allergic side effects or sometimes reduce the efficacy of a drug. Undesired immunogenicity response
may have a severe effect on the safety and/or efficacy of a biologic product on patients. It is therefore
important to identify and evaluate any such negative reactions at early stages of drug development.
Regulatory bodies like the FDA and EMA require evaluation of the immunogenicity effects of a drug using
statistical methods. The presentation will describe several types of immunogenicity studies and the
statistical tools that are used to determine the immunogenicity effects of a drug.

Challenges and Opportunities of Data-Driven Approaches in Clinical
Trials

Lena Granovsky, Shai Fine, Teva

The initiation of a new era of electronic health (eHealth) technology has erupted into industry, providing
the ability to generate data on novel endpoints in clinical trials. However, no clear guidelines exist on how
best to use the new technology, like wearable devices and mobile apps, in clinical trials, and to find ways
that don’t restrict the development of novel tech products. No clear pathway exists for validation and
acceptance of trials which generate evidence through mobile technology and innovative methods versus a
more controlled environment such as that routinely seen in pre-approval randomized trials.

One of the challenges is developing a robust methodological framework for design of clinical trials which
utilise longitudinal data, such as activity data obtained from wearable devices. These studies can be used
for developing and validating models for identifying patterns in the data, comparing patterns between
populations, or investigating the relationship between patterns extracted from the longitudinal data and
clinical outcomes. Crucial to the development of such a framework is the understanding the variability of
the data within and between subjects, the occurrence of key features in the data and the relationship
between these features and study endpoints. In this talk we suggest a practical methodology for calculating
sample size and length of longitudinal data, which can be used in the clinical studies designed to
prospectively validate algorithms that utilise wearable data.
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Johnathan Yefenof, Yuval Mathews, Daniel Odenheimer and Daniel Rothenstein, Quark
Pharmaceuticals

The fundamental requirement for a “good statistical practice” is for the collected data to be reliable and
supportive of its objectives. The data collection procedure has a crucial impact on the outcome. Hence, in
the process of defining the study objectives the data collection methods has to be defined clearly as well.
The importance of these issues is demonstrated in studies that look at Acute Kidney Injury (AKI) such as in
an open heart surgery in which there is a risk that a patient undergoing surgery will develop AKI. The
primary objective in such studies is to test whether the study drug decreases the rate of AKI in treated
patients with respect to placebo treated patients. AKl is diagnosed on the basis of characteristic laboratory
findings, such as urine volume over time. In the analysis presented it will be shown how the process of data
collection may induce a technical bias which affects the outcome. Two approaches to overcome the bias
issue will be introduced and discussed to enable to comply with the study objectives.
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Standardization of mortality rates for hospital performance
Laurence Freedman®, Ronen Fluss!, Nethanel Goldschmidt? and Micha Mandel®

1. Gertner Institute for Epidemiology and Health Policy Research, Tel Hashomer, Israel
2. Ministry of Health, Jerusalem, Israel

3. Hebrew University, Jerusalem, Israel

When monitoring hospitals with regard to performance measures, it is now commonly accepted that some
type of standardization be used to adjust for the distribution of profiles of patients treated at the hospital.
In the epidemiologic literature two main types of standardization are described — direct and indirect. While
direct standardized rates of different hospitals may be compared, the prevailing wisdom is that indirect
rates are not strictly comparable. On the other hand, standard implementation of the direct method to the
data of small hospitals is problematic, leading to large variances in the standardized rates. Perhaps because
of this, in monitoring hospital performance indirect standardization is the more commonly used method. In
this talk, we explore different methods of standardization and their advantages and disadvantages,
illustrated by data on 30-day mortality after acute myocardial infarction in Israeli hospitals. The work is
being carried out as part of the preparation for a new initiative of the Organisation for Economic Co-
operation and Development (OECD) to monitor hospital performance in OECD countries.
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Optimal flow rate sampling designs for studies with extended exhaled
nitric oxide analysis

n']']ID"7|7 DT NU'ONAIIN ,'PXYTIN NI

Introduction. The fractional concentration of exhaled nitric oxide (FeENO) is a biomarker of airway
inflammation. Repeat FeNO maneuvers at multiple fixed exhalation flow rates (extended NO analysis) can
be used to estimate parameters quantifying proximal and distal sources of NO in mathematical models of
lower respiratory tract NO. A growing number of studies use extended NO analysis, but there is no official
standard flow rate sampling protocol. In this paper, we provide information for study planning by deriving
theoretically optimal flow rate sampling designs.

Methods. First, we reviewed previously published designs. Then, under a nonlinear regression framework
for estimating NO parameters in the steady-state two compartment model of NO, we identified unbiased
optimal four flow rate designs (within the range of 10—-400 ml s-1) using theoretical derivations and
simulation studies. Optimality criteria included NO parameter standard errors (SEs). A simulation study was
used to estimate sample sizes required to detect associations with NO parameters estimated from studies
with different designs.

Results. Most designs (77%) were unbiased. NO parameter SEs were smaller for designs with: more target
flows, more replicate maneuvers per target flow, and a larger range of target flows. High flows were most
important for estimating alveolar NO concentration, while low flows were most important for the proximal
NO parameters. The Southern California Children’s Health Study design (30, 50, 100 and 300 ml s-1)
had.1.8 fold larger SEs and required 1.1-3.2 fold more subjects to detect the association of a determinant
with each NO parameter as compared to an optimal design of 10, 50, 100 and 400 ml s-1.

Conclusions. There is a class of reasonable flow rate sampling designs with good theoretical performance.
In practice, designs should be selected to balance the tradeoffs between optimality and feasibility of the
flow range and total number of maneuvers.

Extent, Duration and Predictors of Exclusive Breastfeeding in a
Longitudinal Study: Adjusting for missing data using an
Accelerated Failure Time mode

NI7Nn M7 MIXK?D NN ,2'KN NRNO

Background. The World Health Organization (WHO) recommends at least 6 months of exclusive
breastfeeding (EBF). Longitudinal epidemiological studies facilitate estimation of the duration of EBF, but
often suffer from loss to follow-up and missing information.

Objectives. While adjusting for missing data, (1) To estimate the proportion of Israeli women who practice
EBF. (2) To estimate the distribution of duration of EBF. (3) To identify factors that predict the duration of
EBF.

Methods. A longitudinal study was carried out including all women who gave birth between September
2009 and February 2010 in selected Israeli hospitals (N=2119). Participants reported information related to
EBF, socio-demographic characteristics, and breastfeeding practices in the hospital and at two-monthly
intervals thereafter. Information on EBF status and duration was missing for 35% of women. We imputed
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EBF practice using logistic regression Multiple Imputation (MI) method with 20 repeats (procedure Ml with
option FCS, SAS 9.4) and using Rubin’s rule estimated the probability of practicing EBF. Predicted
probabilities of practicing EBF for women with missing information served as weights in the analyses of
objectives 2-3. We imputed EBF duration based on an Accelerated Failure Time (AFT) model built on
observed duration times, creating five complete data sets. We then estimated the distribution of duration
in those practicing EBF using a weighted Kaplan-Meier curve (SAS 9.4) in each completed dataset and used
Rubin's rule to estimate the time of EBF “survival” curve and its standard errors.

Results. 1: The observed proportion of women practicing EBF (complete case analysis) was 69% (95%Cl;
66%-71%). After imputation, the estimated proportion changed to 65% (95%Cl; 62%-68%).

2: After imputation, estimated percentiles the time of EBF among women practicing EBF were: 25%: 3.0m;
50%: 4.0m; 75%: 5.7m.

3: Predictors of EBF duration were: stated intention to BF - 50% increase (p=0.001); religious observance
(secular vs. ultra-orthodox) - 22% decrease (p<0.001); giving formula milk in hospital - 11% decrease in EBF
duration (p<0.001); using a pacifier in hospital - 10% decrease (p <0.001); ethnicity (Arab v Jew) — 9%
decrease (p=0.06).

Conclusions. By imputing missing practice and duration of EBF we obtained estimated proportion and
duration of EBF adjusted for the potential bias caused by missing information. Using an AFT model for EBF
duration also allows direct interpretation of the impact of various factors on EBF duration.

Joint work with Havi Murad, Anneke Ifrah, Tamy Shohat, and Laurence Freedman.
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Integrating R based engines in other systems

Adi Sarid, adisarid@gmail.com

One of R’s limitations is the inability to compile it into binary files (i.e., executable programs). This makes it
challenging to integrate statistical software written in R into other third party applications.

To illustrate, assume that a time series forecast engine has been developed in R, and is tailor made to a
specific customer. The natural thing would be to integrate this engine back into the working environment
of the customer (e.g., an ERP). However, migrating this engine might be an excruciating task, especially if
the R engine has dependencies such as the ‘forecast” package (or other complex statistical packages).

In my talk, | will outline a number of methods to integrate an R based engine into an existing ecosystem
(which is not written in R). Starting from the most basic methods such as scheduling automations, and up
to more advanced techniques such as using cloud based (e.g., “Shiny’).

Short bio. Adi is a PhD student in the department of industrial engineering in Tel-Aviv university. His PhD is
on the topic of electrical grid optimization and design for robustness. In parallel, Adi is also a partner and
the head of operations research department in the Sarid Research Institute LTD.

MultiNav - Multivariate Exploratory Data Analysis

Efrat Vilenski, efratvil@gmail.com

Introducing MultiNav R package - a set of tools for semi-automatic multivariate EDA. MultiNav is an
interactive visualization platform, incorporating ideas and algorithms from several fields to aid the analyst
in the exploration. These include (naturally) multivariate statistics, but also robust statistics, process
control, unsupervised machine learning, and network data analysis. The goal of MultiNav is to help to
uncover interesting patterns and outliers as well as provide quick understanding of the important
characteristics of a given multivariate dataset.

The package was developed based on use-cases from anomaly detection projects for large sensor
networks, and machine failure. Early prototypes of MultiNav were generalized to receive standard
multivariate inputs, so that it could be used on arbitrary data for multivariate EDA and process control
problems.

Short bio. Efrat Vilenski is a PhD candidate of Industrial Engineering and Management at Ben Gurion
University. Supervised by Jonathan Rosenblatt. Interest areas: visual analytics, multivariate methods,
process monitoring.
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Exploring the exploration of pre-walking infants

Tzviel Frostig, tfrostig@gmail.com

We are analyzing the exploration of typically developed human pre walking infants in the presence of their
relatively passive mothers in a new environment while using measures and structured established in
previous work in origin related exploration of rodents. | will show how R’s strong visualization capabilities
can be used to shed light on some of those phenomenon, and how to use knitR to create a reproducible
research.

Short bio: Tzviel Frostig is MSc student of statistics at Tel-Aviv University.

11



Predicting the probability of a Severe bodily injury in a Car accident in
Tel Aviv

Jonathan Schwartz, yoni.schwartz1989 @gmail.com

A major part of practical actuarial problems in general insurance is the rating of risk factors in motor
insurance. The understanding of what affects the likelihood and severity of car accidents is important not
just to the insurance sector but to anyone who uses a car as a means of transportation.

In Israel, every accident which involves a bodily injury must be reported to the police. Due to this a reliable
database was put together by the central bureau of statistics. This can give way to an analysis of the main
risk factors making bodily injury car accidents lethal in the city of Tel Aviv, i.e., what are the main risk
factors that affect the severity of car accidents.

Short bio: Jonathan Schwartz is an Actuarial Science Masters student at the University of Haifa and an
actuarial analyst at the Phoenix Insurance Company.

http://rpubs.com/jonathans/actuar
https://jonathans.shinyapps.io/Severity

RcppArmadillo — how to easily use C++in R
Yair Goldberg, yair.goldy@gmail.com

The Rcpp package enables the use of C++ code in R packages. This integration typically leads to a code that
can run much faster. However, not everyone knows C++ which makes the Rcpp package hard to access.
Armadillo is a fast and easy to use C++ linear algebra library which uses similar syntax to that of R. In this
talk, | will present the RcppAramdillo package which provides an interface between R and the C++
Armadillo library.

Short bio: Yair Goldberg is a researcher at the Department of Statistics at the University of Haifa and
teaches R courses.

heatmaply: an R package for creating interactive cluster heatmaps for
online publishing
Tal Galili, ta.galili@gmail.com

heatmaply is an R package for easily creating interactive cluster heatmaps that can be shared online as a
stand-alone HTML file. Interactivity includes a tooltip display of values when hovering over cells, as well as
the ability to zoom into specific sections of the figure from the data matrix, the side dendrograms, or
annotated labels. Thanks to the synergistic relationship between heatmaply and other R packages, the user
is empowered by a refined control over the statistical and visual aspects of the heatmap layout.

The heatmaply package is available under the GPL-2 Open Source license. It comes with a detailed vignette,
and is freely available from: http://cran.r-project.org/package=heatmaply

Short bio: Tal Galili is PhD candidate of statistics at Tel-Aviv University. He blogs about R at r-statistics.com.
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